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SUMMARY

An investigetlion has been made in the Langley low-turbulence pres-
sure tunnel to determine the effects of Mach number and Reynolds number
on the maximum-1ift characteristics of the NACA 65-006, 64-009, 6L4-210,
and 642-215 airfoil sections in the smooth condition and in the condition

wilth leading-edge roughness. The section 1ift characteristics were deter-
mined for Mach numbers ranging from 0.1 to approximately 0.5 at comstant
valuee of the Reynolds number. The Reynolds number range extended from

1.5 x 106 0 9.0 X 106.

For the airfoil sections with abrupt stalls, such as the NACA 64-210
at low Mach numbers, incresses in Mach number (Reynolds number held con-
stant) generally resulted in gradusl stalls; whereas, variations of Mach
number generally caused only small changes in the stalls for those airfoil
sections, such as the NACA 6#2-215, with gradual stalls at low Mach num-

bers. With leading-edge roughness, the stall for each airfoil section
was gradual and generally unaffected by variations of Mach number. The
reduction in meximum section 1ift coefficilent resulting from increasing
the Mach number from 0.1 to O.% (Reynolds number held constant) may be

as lerge as 0.4, depending upon the airfoil section. With leading-edge
roughness, the maximum section 1ift coefficient was only slightly affected
by veriations of the Mach number between 0,1 and approximately 0.5. The
Reynolds number effects as Indicated by experimental data for smooth air-
foil sections are dependent, in many cases, upon the manner in which the
Mach number varies with Reynolds number. The prediction of aircraft low-
speed performance characteristics from experimental data should include
considerations of the interrelated effects of Mach number and Reynolds
number on maximum 1ift if wing maximum 1i1ft coefficients approaching
those of the smooth alrfoil section are anticipated.
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INTRODUCTION

In predicting the low-~speed performance. characteristics of aircraft
with stalling speeds corresponding to Mach numbers of about 0.1, the
maximum 11ft coefficlent has been considered to be free of compressibility
effects. High-speed performance requirements, however, have resulted in
stalling speeds corresponding to Mach numbers of 0.2 or higher where the
effects of compressibility may be significant. Inasmuch as the stalling
speed 1s indicative of the landing speed and of the speeds involved in . -
low-speed maneuvers, a knowledge of the effects of Mach number and
Reynolds number on maximum 1ift is desirable. A series of investigations
have been conducted by the National Advisory Committee for Aeronautics
to study the effects of Mach number and Reyndlds number on maximum 1ift
coefficient (see refs. 1 to 8). In most of these investlgations, the
results were obtained from tests of three-dimensional models and the Mach
number varied simultaneously with the Reynolds number. Investigations of
two-dimensional models in which the Mach number is varied while the
Reynolds number is held constant are needed to obtain an indication of
the magnitude of the effectes on two-dimensiopnal sections.

An investigation has therefore been made in the Langley low-turbulence
pressure tunnel of four airfoil sections ranging in thickness from 6 to
15 percent chord to determine the effects of Mach number when varied '
independently of the Reynolds number on the maximum 1ift coefficient for
several constant values of the Reynolds number. The results of this
investigation are presented in this paper. ' : ’

The investigation consisted of measurements of the section 1lift
characteristics from about zero 1lift to beyond the stall for the
NACA 65-006, 64-009, 64-210, and 6&2-215 airfoil sections. The range

of Mach number exténded from 0.1 to approximately 0.5; whereas, the range
of Reynolds number extended from 1.5 X lO6 to 5.0 X 106. Data were obtained

for the alrfoil sections wilth aerodynamically smooth surfaces and with
leading-edge roughrness. ’

SYMBOIS B
c; section lift coefficient, 1/qc '
c maximum sectlion lift coefficient
Imax
C

Imax  maximum wing lift coefficilent -~ o
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Aczmax decrement of maximum section 1ift coefficient due to leading-
edge roughness

% section angle of sttack, deg

R Reynolds number, pVc/u

M free-stream Mach number, V/a

q free-stream dynamic pressure, %pve, 1b/sq ft

v free-stream velocity, ft/sec

P free~stream mass density, slugs/cu ft

a speed of sound in free stream, ft/sec

c airfoil chord, ft

1 1ift per unit span, 1b/ft

i coefficient of viscosity, slugs/ft-sec
APPARATUS

The investigation reported herein was conducted in the Langley low-
turbulence pressure tumnel. Since the publication of reference 9, which
gives a genersl description of the tunnel, several modifications to the
tunnel and added equipment have extended the operating range of the tun-
nel. The tunnel has a rectangular test section, 7% feet high by 3 feet

wide, and can be operated at pressures ranging from approximately 1/5
atmosphere to 10 atmospheres sbsolute. Varlations of Mach number and
Reynolds number can be made independently by varying the airspeed and

the stagnation pressure. The airfoil section 1lift characteristics for
each of the two-dimensional models were determined from messurements of
the integrated pressure reactions along the floor and ceiling of the tun-
nzl test section.

Each of the four models tested in this investigation had & chord of
2 feet and was mounted with seals at the ends so as to span completely
the tunnel test section. Ordinates for the NACA 65-006, 64-009, 64-210,
and 645-215 airfoil sections are given in table I. The models had aero-
dynamically smooth surfaces for most of the tests. For the condition
with leading-edge roughness, 0.0ll-inch~diameter carborundum grains were
spread over a surface length of 0.08c back from the leading edge on both
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surfaces. The grains were thinly spread so as to cover from 5 to 10 per-
cent of the included area (standard roughness used in ref. 10).

TESTS

Preliminary tests were made of each model in order to obtain a com-
parison of the 1ift characteristics of the present models with published
data, and, in most cases, falr esgreement was obtained bestween the results
of preliminery tests and the results presented in reference 10. The
model of the NACA 64-210 airfoil section was the last one tested, and
the results of the preliminary tests indicated that, although the lift-
curve slope was the same, the maximum section 1lift coefficlent was about
0.1 lower than that obtained from previous tests. The addition of upper-
surface fences extending from ahead of the leading edge to beyond the
tralling edge, as shown in figure 1, increased the maximum section 1ift
coefficient but also decreased the slope of fthe 1lift curve. Fences
extending over the upper surface to the 0.33c station, as shown in fig-
ure 1, were then installed in an attempt to prevent separation from being
induced by the tunnel-wall boundary layer and to minimize the pressure
differential across each fence. As indicated by the data presented in
figure 1, the installation of the shorter fences Increased the slope of
the 1ift curve to that obtained without fences and further increased the
mexlmum section 1lift coefficlent to approximately the value obtained in
the investigation reported in reference 10.

The short fences were therefore used for the remaining tests of the
model of the NACA 64-210 eirfoil sectlion. Iack of time prevented the
performance of additlional tests to determine whether the instellation of
8imilar fences on the other three models would also Ilncrease the maximum
section 1lift coefficients. Additional investigations are needed to
determine whether the low value of the maximum section 1ift coefficient
obtained for the model of the NACA 64-210 airfoil section without fences
was caused by the undetected Ilmperfections in the surface finish, the
absence of slots for bleeding the tunnel-wall boundary layers (the very
small bleed slots were removed during the recent tunnel modification),
or the extreme sensitivity of the maximum séction 1ift coefficient of
that alrfoil section to small departures from true airfoll contour.

The section 1ift characteristics of each model in the smooth condition
and for the condition with leading-edge roughness were determined for Mach
numbers extending from 0.1 to about 0.5. The range of Reynolds number

extended from 1.5 X 106 to 9.0 X 106. The range of angle of attack
investigated for each model corresponded to & range of 1ift coefficient
extending from about zero lift to beyond the stall. The test conditions
for each model are listed in table II. A discusslon of the methods used
in correcting the date to free-slr conditions is given in reference 9.
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RESULTS AND DISCUSSION

The basic data consisting of the section lift characteristics for
the four sirfoil sections in the smooth condition and for the condition
with leading-edge roughness are presented in figures 2 to 5. The effects
of Mach number and Reynolds number on the maximum section 1ift coefficient
are shown in figures 6 to 8.

Smooth Airfolls

Effect of Mach number for constant Reynolds number.- From the data
presented in figure 2(a) it is apparent that variations of the Mach num-
ber between 0.1 and 0.4 resulted in only small changes in the shape of
the lift-curve peak for the NACA 65-006 airfoil section. Increasing the
section angle of attack of the NACA 65-006 airfoil section to slightly
beyond that for stall generally caused only small changes in the section
1ift coefficient and most of the curves indicete that further increases
in angle of attack resulited in a secondary rise in section 1ift coeffi-
cient. At Mach numbers of 0.20 and 0.21 and at Reynolds numbers of

6.0 X 106 and 9.0 X 106, respectively, the maximum values of the section
1ift coefficient were attained after the omset of separation. Similar
gecondary rises in the 1ift curves have been observed in tests of thin
airfoils with sharp leading edges, as is the case for a flat plate, for
Mech numbers as low a8 O.1l. The secondary rise in the 1lift curve for a
flat plate is attributed to the increased loading over the rear part of
the plate after the initial separation (ref. 11).

The 1ift curves for the NACA 64-009 ailrfoil section, presented in
figure 3(a), indicate that, at a Mach number of 0.09, the stall was abrupt
and increasing the Mach number beyond 0.26 resulted in a gradual stall.

As was the case for the NACA 65-006 airfoll section, a secondary rise

in section 1ift coefficlent was obtained at a Mach number of 0.21 and the
maximum value of the section 1ift coefficlent was obtalned after initial
separation.

The 1ift curves for the NACA 64-210 airfoll section, presented in
figure 4(a), indicate Mach number effects on the stalling characteristics
similar to those observed in tests of the NACA 6L4~009 airfoil section.

The data for the NACA 6L4,-215 alrfoil section, presented in fig-
ure 5(a), indicate that gradual stalls were obtained for all the Mach
numbers investigated. The change in stalling characteristics of the
NACA 6U4p-215 airfoil section resulting from varlations of the Mach num-
ber between 0.1 and 0.4 were considersbly less than the changes in stall
obtained for the thinner airfoil sections. It is evident from the 1ift
curves obtalned for the four airfoll sections investigated that variations
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of the Mach number between 0.1 and 0.4 may result in marked changes in
the ailrfoll stalling characteristics and should be considered in pre-~
dicting aircreft performance and handling characterilstics.

The date presented in parts (a) of figures 2 to 5 indicate that
increasing the Mach number from 0.1 to 0.5 caused the slope of the 1ift
curve, measured near zero lift, to increase slightly. Such an increase
in lift-curve slope with increasing Mach number 1s indicated by theory.
Changes in the section angle of attack for maximum section 1ift coeffi-
cient as a result of variations of Mach number were more apparent for the
cages where the stalls were abrupt than for those cases where the stalls
were gradual.

The verlation of maximum sectlon 1lift coefficient with Mach number
for each of the four airfoil sections investigated is shown in figure 6(a).
It is apparent from these data that the varlation of meximum section 1ift
coefficient with Mach number depends upon the airfoil sectilion and to
some extent upon Reynolds number. The maximum section 1ift coefficient
of the NACA 65-006 airfoil section was essentially independent of the
Mach number except for the previocusly discussed increase in section 1ift
coefficlent attalned after the onset of separation at a Mach number of
about 0.2. If the section 1lift coefficilent corresponding to the onset
of separation had been used as the maximum section 1ift coefficient for
that Mach number, the veriation of maximim section 1ift coefficient with
Mach number would be considersbly smaller. Increasing the Mach number
from 0.1 to 0.4 caused the maximm section 1lift coefficient of the '
NACA 64-009 airfoil section to decrease by approximately 0.2.

The maximum section 1lift coefficient of the NACA 64-210 airfoil sec-
tion decreased as much as 0.4 as a result of increasing the Mach number
from 0.1 to O.4. The knee of the curve of maximum section 1ift coeffi-
clent agalnst Mach number coincldes with the change from an sbrupt stall
to a more gradual stell. The maxlimum sectlon 11ft coefficient of the
NACA 6Ls-215 airfoil section decreased approximately 0.2 as the Mach num-
ber increased from 0.1 to O.k. The decrease was nearly the same as that
obtained for the NACA 6L4-009 sirfoil section but only ebout half of that
obtained for the NACA 64-210 airfoil section.

Effect of Reynolds number for constant Mach number.- The effects of
varilations of the Reynolds number on the stalling characteristics were
generally small for the range of Reynolds number investigated, as indi-
cated by the data presented in parts (a) of figures 2 to 5. Increasing

the Reynolds number up to 9.0 X 106, however, had a tendency to reduce the
abruptness of the stall for the NACA 64-210 airfoil section (fig. 4(a)).
The slope of the 1ift curve for each of the four airfoil sections inves-
tigated, as might be expected, was generally not affected to any large
extent by variations of the Reynolds number.
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The variations of maxirum section 1ift coefficient with Reynolds
number for the airfoll sections in the smooth condition are presented for
constant values of the Mach number in figure 7. The maximum section 1ift
coefficient of the NACA 65-006 airfoill section was nearly independent of
the Reynolds number for each of the Mach numbers investigated. In the
investigation reported in reference 12, it was found that, although the
maximum section 1ift coefficient of the NACA 65-006 airfoil section was

nearly constent for Reynolds numbers between 3 X109 and 9 x 106,
increasing the Reynolds number to 25 X 106 with slight variations of
Mach number increased the maximum section 1ift coefficilent at a low Mach
number by approximately 0.l. (Although the effects of Reynolds number
on the maximum section 1ift coefficient of the NACA 64-009 airfoil sec-
tion were not investigated in the present investigation, dats indicating

the effects of varying the Reynolds number from 3 X 106 to 25 X lO6 on
the maximum 1ift coefficient.of the NACA 64-009 airfoll section are pre-
sented in ref. 12.)

The data presented in figure 7 indicate that the maximum section
1ift coefficient of the NACA 64-210 airfoll section increased with
increasing Reynolds number throughout the range of Reynolds number inves-
tigated. The manner in which the maximum section 1lift coefficient of
the NACA 64-210 airfoil section varied with Reynolds number depended mark-
edly upon the Mach number.

The maximum section 1ift coefficlent of the NACA 6L,-215 airfoil
sectlon, presented in figure 7, generally increased with increasing

Reynolde number for Reynolds numbers between 3.0 X 106_and 9.0 X 106.
The manner .in which the maximum section 1ift coefficlent varied with
Reynolds number was nearly consistent for all the Mach numbers inves-
tigated as compared with that for the NACA 64-210.airfoil section.

Effect of simultaneous variations of Mach number and Reynolds number.-
In order to illustrate the variation of scale effects on maximum section
1lift coefficlent, three variations of Mach mumber with Reynolds number
were assumed as shown in figure 8(a). Condition 1 is approximstely that
for a 2-foot-chord wing in a wind tunnel at atmospheric pressure. Con-
dition 2 i1s approximastely that for a 2-foot-chord model in & wind tunnel
at a pressure of 2 atmospheres absolute. Condlition 3 represents one of
the conditions that can be obtained with a 2-foot-chord model in the
Langley low-turbulence pressure tunnel by regulating the pressure. The
variation of maximum section 1ift coefficient with Reynolds number for
the NACA 6L4-210 airfoil section for these conditions is presented in
figure 8(b). The data presented in this figure show that the scale effects
as indicated by experimental data can depend to a large extent on the
manner in which the Mach number varies with the Reynolds number. The
curve for condition 1 is markedly different from those for conditions 2




8 NACA TN 2824

and 3. Reducing the varistion of Mach number wilth Reynolds number from
condition 1 to condition 2 resulted in a variation of maximum section

1lift coefficient with Reynolds number that wes nearly the same as that

for the condition of constant Mach number for a large range of Reynolds
number. If it is expected that wing maximum 1ift coefficients approaching
those of smooth alrfoil sections will be reallzed on operational alrcraft,
the predicted alrcraft low-speed performance characteristilics may depend

to a marked extent on whether the interrelated effects of Mach number and
Reynolds number were cohnsidered. '

Data indicating the interrelated effects of Mach number and Reynolds
number on a wing utilizing the NACA 64-210 sirfoil sectlon are presented
in references 7 and 13. The variation of Mach number with Reynolds nun-
ber for the lnvestigations reported in these references ls presented-.in
figure 9(a). The variation of meximum wing 1lift coefficient with Reynolds
number, also obtained from these references, is presented in figure 9(b).
Also shown in figure 9(b) is the variastion of maximum section 1lift coeffi-
cient with Reynolds number for the NACA 64-210 airfoil sectlon for the
same Mach numbers as those used in the investigation of the wing reported
in reference 13. The agreement between the alrfoil-section date with
those obtained from tests of the wing at a pressure of 33 pounds per square
inch absolute can be considered good lnssmuch as some of the small differ-
ences can be attributed to three-dimensional effects. A marked discrep-
ancy, however, is evident between the airfoil maximum section 1ift coeffi-
clents and the wing maximum 1ift coefficlents for atmospheric pressure for

Reynolds numbers up to about 4 X 106 (fig. 9(c)). At Reynolds numbers

higher than about 4 X 106, the wing data for atmospheric pressure are nearly
in agreement with those obtained from two-dimensional tests. An expla-
nation of the differences in the flow conditions causing such a marked
disagreement between the wing maximum 1ift coefficients for atmospheric
pressure and the ailrfoll maxlimum section 1ift coefficients 1s not avall-
able at present. |

Comparison with previously publlished data.- Section aerodynamic data
for the four alrfoll sections investigated have been presented for Reynolds

numbers of 3 X 106, 6 x 10° 6

, and 9 X 10~ in reference 10. The approximste
Mach numbers corresponding to those Reynolds numbers are indicated by the
symbols in figure 10(a). These approximate Mach numbers, which were generally
used in the Investigation reported in reference 10, are such that the

effects of compressibllity on the maximum sectlon 1ift coefficlent are

small for the corresponding Reynolds numbers es indicated by the data
presented in figure 6.

A comparlson of the maximum section 11ft coefficients obtained from
the present investigation with those obtalned from reference 10 for approx-
imstely the same Mach numbers 1s presented in figure 10(b). The maximum
section 1ift coefficlents obtained for the models used in the present
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investigation were generally slightly lower than those of the models used
in the investigation reported in reference 10. The best agreement between
the two sets of data was obtained for the NACA 64-210 airfoil section with
fences. Some of the differences in the maximum section 1ift coefficients
obtained from the two investigations might be caused by very small differ-
ences 1n the airfoil nose contour of the present models as compared with
the models previously tested.

Rough Airfoils

Effect of Mach number for constant Reynolds number.- The date for the
four airfoill sections investigated with leading-edge roughness, pre-
sented in parts (b) of figures 2 to 5 indicate that variastions of the Mach
number between 0.1 and 0.5 for a constant Reynolds number caused no
marked changes in the stalling characteristics, and that all the stalls
were gradusl. In accordance with the discussion of flow phenomens at
meximum 1ift in reference 12, a gradual stall might be expected with
leading-edge roughness lunasmuch as the stall usually results from a grad-
ual forward movement of the separated turbulent boundary layer from the
trailing edge. The variation of maximum section 1ift coefficient with
Mach number was small in comparison with the variation obtained for the
smooth condition (fig. 6). The fact that variation of Mach number had
lerger effects on the maximum 1ift for the smooth condition then on the
maximum 1ift for the rough condition might be expected from consideration
of the high local velocitles associated with the maximum 1ift of thin
smooth ailrfoll sections.

The effect of leading-edge roughness on the maximum section 1lift
coefficlent can be determined from a comparison of the data obtained for
the smooth condition (fig. 6(a)) with those obtained at the same Mach num-
ber with leading-edge roughness (fig. 6(b)). For the airfoils with thick-
nesses of 0.09c, 0.10c, and 0.15c, the decrement of maximum section
1ift coefficient due to leading-edge roughness generally decreased as
the Mach number increased. Leading-edge roughness on the airfoil section
with a thickness of 0.06c generally caused a slight increase in mexi-
mum section 1ift coefficient.

Effect of Reynolds number for constant Mach number.- The effect of
varying the Reynolds number on the stalling characteristics while main-
taining e constant value of the Mach number is indicated by the dats pre-
sented 1n parts (b) of figures 2 to 5. The data indicate that, with
leading-edge roughness, the type of stall and the slope of the 1ift curve
were not appreciably affected by variations of the Reynolds number within
the range investigated. The maximum section 1ift coefficients for the
four airfoll sections investigated, presented in figure 6(b), were nearly
independent of the Reynolds number. Data for the NACA 63-009 airfoil sec-
tlon in reference 12 indicate that the maximum section 1ift coefficient
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for that airfoll section with leading-edge roughness wes nearly con-
stant for Reynolds numbers between 6 X 106, which was the lowest value
investigated, to 25 X 106,

Effect of simultaneous variations of Mach number and Reynolds
number.~- The variation of maximum sectlon 1ift coefficient of the
NACA 6%-210 airfoil section for three conditions of varying Mach number
is presented in figure 8(c). The data presented in figure 8(c) indicate
that, for the NACA 64-210 airfoil section with leading-edge roughness,
the variation of meximum section 1ift coefficient with Reynolds number was
nearly the same regardless of how the Mach.number varied with Reynolds
number, if the Mach number was less than 0.5. From the data for the other
three airfoil sectlons with leading-edge roughness (fig.6(b)), it
can be seen that the manner in which the Mach number varied with Reynolds .
number would also have only small effects on the variation of maximum
section 1lift coefficilent with Reynolds number. A comparison of the data
presented in figure 8(c) with those presented in figure 8(b) indicates

that the interrelated effects of Mach number and Reynolds number on maxi-
mum Lift for the rough airfoil at Mach numbers less than 0.5 are very

small as compared with those for the smooth airfoil section.

Comparison with previously published data.- The maximum section lift
coefficients obtained with leading-edge roughness for a Reynolds number

of 6 X lO6 and & Mach number of 0.:10 and the decrements of meximum section
1ift coefficlent due to leading-edge roughness for a Reynolds number of

6 X 106 are compared with values obtained from reference 10 in the following
table:

Present
investigation Reference 10
Airfoil section

c paYel c Acz

lmax zmax Zmax max
NACA 65-006 0.86 -0.08 0.92 -0.08
NACA 64-009 .86 .16 .90 .18
NA.CA 61""210 ™ 97 . )'I'll' l . O)'(' - )-I-O
NACA 6&2-215 1.11 .35 1.21 .3k

In:general, the maximum sectlon 11ift coefficilents obtalned from the
. two investigations are in agreement by the same amount as were the data
for the smooth airfoil sections (fig. 10). The decrements of maximum
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section 1lift coefficient due to leading-edge roughness were generally in
very good asgreement with the values obtained from reference 10.

CONCLUSTONS

An investigation has been made in the langley low-turbulence pressure
tunnel to determine the effect of varying the free-stream Mach number
from 0.1 to approximately 0.5 for constant values of the Reynolds number

ranging from 1.5 X 106 to 9.0 X lO6 on the maximum-lift characteristics
of the NACA 65-006, 64-009, 64-210, and 6L,-215 airfoil sections in the

smooth condition and in the condition with leading-edge roughness. The
results of the investigation indicate the followlng conclusions:

1. For the sirfoil sectlons with abrupt stalls, such as the

NACA 64-210 at low Mach numbers, increases in Mach number (Reynolds num-
ber held constant) generally resulted in gradual stalls; whereas, vari-
ations of Mach number generally caused only small changes in the stalls
for those airfoil sectlions such as the NACA 6h2-215 with gradual stalls
at low Mach numbers. The stall for each airfoll section with leading-
edge roughness wes gradual and was generally unaffected by variations of
Mach nurber.

2. The reduction in maximum section 1ift coefficient resulting from
an increase in Mach number from 0.l to O..4 depended on the airfoil section
and Reynolds number, was very small for the NACA 65-006 airfoil section,
and ranged from 0.2 to O.L4 for the thicker airfoll sections. With leading-
edge roughness, the maximum section 1ift coefficlent was only slightly
affected by lncreasing the Mach number from 0.1 to approximstely 0.5.

3. The Reynolds number effects as indicated by experimental data for
smooth airfoil sections are dependent, in many cases, upon the manner in
which the Mach number veries with Reynolds number. Consequently, the
prediction of aircraft low-speed performance characteristics should include
considerations of the interrelated effects of Mach number and Reynolds
number on maximum lift if wing maximum 1ift coefficients approaching those .
of the smooth airfoll section are anticlpated.

4, The interrelated effects of Mach number and Reynolds number as
indicated from investigations of full-span wings were not alwaeys in
agreement with the effects indicated by data obtained from investigations
of two-dimensional models. :The reasons for the differences were not evi-
dent.

Langley Aeronsutical Laboratory,
National Advisory Committee for Aeronautics,
langley Field, Va., September 3, 1952.
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TABLE I.- AIRFOIL BECTION ORDINATES

[ﬁtafions and ordinates given in percent of airfoil choré]

NACA 65=006

Upper surface Lowser surface
Statlon | Ordinate Statlion | Ordinate
° s | ° 26
ns . . -
-ZS -?7& -55 --;7&
1.25 o71 1.25 =71
2.5 «95 2.5 =9
50 1l.310 540 =1.3i0
Te5 l'ZSﬁ Te5 -l.ggﬁ
10 1. 10 =1,
1 2 gz 1 =2,1
25 2 9 55 -5'29
30 2:8 g 35 -2:822
3 2:358 3 :2.'3 8
L5 2,933 hg =-2.983
0 2,900 5 24500
55 241 5 "\20%4-1
0 2.518 0 2,518
65 2,246 65 ~2.2l16
70 1-9EE 70 -1-932
5 1.;2 gg -1.55
0 1.233 14253
8 «865 8 ‘=a865
9 +510 9 =510
95 «1395 95 =195
100 0 100
L.E. radiuss 0,240
NACA 64=210

Upper surface

Lower surface

Station | Ordimste

Station | Ordinate

?;‘ 0.86

N
=1
3
(=]

(=1 iV}
=
et

ONOAN ©

BBy

4 2.
Te 3,208 7.613 | -2.400
. o736 10,11 -2,702
13.898& E;;u 15,10 -3.168
233 1 | Bl o
29.9 23}2 30.066 -3.592
.921 «010 5.049 | -3,950
gﬁ.s 8 é.osg 0.032 -5.915
«985 | 5.9 L;.g.01 -3 %
50,000 | 5.5 50.0Q -2. 3
$0L | 5.333 5ho987 | =5.143
.02 891 Zﬁg -24749
63.05 k.3 g .9 -2.215
e | 10 | sag | g
I8:538 | 2:218 T&:3es =326
Bg.ggé i%ﬁg .368 -.5%
85. «56l 9839“ .0
100,000 | 0 100,000 0

®seo | Sing
e | I8

5:230 | cholue

5:9%0 2,62,

L.E. radius: 0,720

Slope of radius through L.E.3 0,08

NACA 64—009

Upéér surface Lower surface
Station | Ordinate | Station Ordinate
0 50 0 g} 0 0

. . «50 -.539

. . . - 2
| o | B B
245 14533 2.5 =1.533
540 24109 «0 2,10
Te5 2, g 5 -2, g
B |y |
20 %28 20 - '% 3
a5 3.170 25 .3.170
30 | L33 30 -J+.E75
25 Lo 5 =L 79
0 L.y o bl
hg ta3 hg e 2
5 Ll 5 .13
25 3,826 5 -3,826
[} 3 Q =3 4152
65 2,026 65 3540,
70 2,561 70 24561
gs 2.0& 5 -2.06
0 1.5 0 -1-563
85 1.069 85 ~1.069
90 611 90 =61l
95 «227 95 =e227
100 0 100 0
L.E. radius: 0,579

FACA 6lip=215

Upper surface Lower surface

Station | Ordinate Station | Ordinate

0 0 0 0
292 i..z ki .ggl -11_.1
1092 1:5h5 1. 73 1
23;2 2.210 ZZQZ 2,338
L. E 16 5ol -3.,1&
Te331 661 3.669 :ﬁ.dl
Jﬁ' 1 2 2 1 .1gg .32
1 :3;2’ 2 .%3::155 Z2us
gzgfsgé gfzsg ’;’gfgg{g z ELSZ
Eﬁ:g52 8:51 Eg:o :g 1§§
ggzgg . g 5g:oog =5.70
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O
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o
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own
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1088
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L.E. radius; 1,590
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NACA TN 2824
TABIE II.- TEST CONDITIONS
Airfoil Surface Reynolds Range of .
section condition number Mach number Figure
3.0 x 106 | 0.10 to 0.37
Smooth | 6.0 .09 to .36 | 2(=a)
NACA 65-006 9.0 .11 to .39
3.0 .10 to .37
Rough 6.0 J1b o .36 2(b)
_ Smooth 6.0 .09 to k47 3(a)
NACA 64-009 Rough | 6.0 ‘9 to .46 | 3(b)
1.5 .07 to .3k
2.5 .08 to .24
3.0 .08 to .41
Smooth k.5 ‘08 to .33 L(a)
6.0 .09 to .46
9.0 .10 to .37
NACA 6L-210
1.5 .08 to .33
2.5 .08 to .io
R h 3.0 .08 to 41 l].('b)
oug k.5 .07 to .35
6.0 .08 to .45
9.0 .10 to .38
3.0 .09 to .35
Smooth 6.0 .09 to ke 5(a)
9.0 .11 to .36
NACA 642-215
3.0 .09 to .36 b)
Rough 6.0 .09 to .u3 | X
9.0 .11 to .36
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Figure 1l.- Section 1lift characteristics of the NACA 64-210 airfoil section
with and without fences. Smooth condition; R = 3.0 X 106.
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(a) Smooth condition.

Figure 2.~ Section 1ift characteristics of the NACA 65-006 airfoil section
at several free-stream Mach numbers and Reynolds numbers.
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Figure 2.- Concluded.
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(b) Rough condition.

Figure 3.- Section 1lift characteristics of the NACA 64-009 airfoil section
at several free-stream Mach numbers. R = 6.0 X 106.
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(a) Smooth condition.

Figure 4.- Section 1lift characteristics of the NACA 64-210 airfoil section
at several free-stream Mach numbers and Reynolds numbers.
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(a) Smooth condition. Concluded.

Figure 4.- Continued.
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Figure 4.- Continued.
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Figure 4.- Concluded.
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(a) Smooth condition.

Figure 5.- Sectlon 1ift characteristics of the NACA 6L,-215 airfoil section
at several free-gtream Mach numbers and Reynolds numbers.
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Figure 5.- Concluded.
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(a) Smooth condition.

Figure 6.- Variation of maximum section 1lift coefficient with free-
stream Mach number for several NACA 6-series airfoll sections at
several Reynolds numbers.
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Figure 7.- Varilation of maximum section 1ift coefficient with Reynolds
number for several free-stream Mach numbers. Smooth condition.
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Figure 8.- Variation of maximum section 1ift coefficient with Reynolds
number for the NACA 64-210 airfoll section for three assumed varia-
tions of Mach number with Reynolds number.
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(a) Variation of Mach number with Reynolds number for tests of
wing with aspect ratio of 6, taeper ratio of 2,1, mean aero-
dynemic chord of 2.07 feet, and NACA 64-210 airfoil sections.

Data obtained from Langley 19-foot pressure tunnel ‘and Langley
16-foot high-speed tunnel.

Figure 9.- Comparison of date obtained from tests of two-dimensionsl
model of NACA 64-210 airfoil section in Langley low-turbulence
pressure tunnel (LTPT) with datd obtained from tests of wing of
NACA 64-210 airfoil section in Langley 19-foot pressure tunnel
(ref. 13) and Langley 16-foot high-speed tunnel (ref. 7). .
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(b) Variation of maximum wing 1ift coefficient and maximum
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(c) Variation of maximum wing 1ift coefficient and maximum
section 1lift coefficient with Reynolds number obtained from
tests in three tunnels. ILangley 16-foot high-speed tunnel
and Langley 19-foot pressure tunnel at atmospheric pressure.

Figure 9.~ Concluded.
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(a) Approximate free-stresm Mach numbers for the two-dimensional
investigations of 2-foot-chord models reported in reference 10.
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present investigation with those obtained from reference 10. Models
in smooth condition.
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